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Abstract of JP2003272860 
PROBLEM TO BE SOLVED: To provide an 
organic electroluminescent element with high 
brightness and long life. 
SOLUTION: The organic electroluminescent 
element comprises a transparent positive 
electrode 2, a negative electrode 5 facing each 
other, and a plurality of light emitting units 3-1, 3- 
2...3-n. Respective light emitting units are 
separated by electron generating layers 4-1, 4- 
2,...4-n composed of at least one layer. The 
electron generating layers are made to function 
as electric insulation layers having specific 
resistivity of 1 .0*1 0<SP>2</SP>(Omega]*cm, 
preferably 1 .0*1 0<SP>5</SP>[Omega]*cm. 
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y K'^«^SraA-r^#tax^i7 hD;P5^ 
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-fe>h5il^tC;teliT, -mtfl^gi&ei^-r^. (a) ^^J- 
TS)-&7U— ^PZS ><b^i^*ia-NPD, TNAT 
A. xeD-TADXH>5.tfD-NPB-e*-5W*iXU 

•fe>h5^^ic*5tiT, nm^^m^m^r^ <b) ^^ra- 

■fe>h^^lC*t,iT. «1tf!^BSr«fi£-r-i. (b) 
©«il«i|ii>®>6«^SAOir'>-ft^Td&^«fi|XUi7 h d;U 

t»*^10) W*«8K©©*«|XUi7 hDJPS:?^ 

[^^^11] »*Jl4fH«roWtix^i7 hD;U5;^ 

^ t*- AlR^feXtt !f- 1*- A^3Bfft K J: ^ T^ffll 
$nTtiS#«Xl^^ hD;P5 hig^. 
[S*^ 1 2 ) 4 IB«©Wfi?X U ^7 h d;i. s ^ 

hiCX/t-y^'^HTfe-5#SIXl/'d7 hD;P5 

[S*^13] »*«4|B«0*fi|xUi7 hD;i. = ;^i 
•>ir>h^^FJC:feViT, «lBffS*gSr«fiK-rs (b) fig 

[fi»*«14] f9*«4|5«(D^r«|XUi^ hD;P5:^ 
•y-t!:>h^^(':fel.iT. S^^^^B^^fiKTS (b) & 

f S (b) fi£^>©*^i^K7!»txh7 7;U:tD-5^h^v' 
7/ + /-:;;*;J'> (4F-TCNQ) Tfe-S^^XUi^ 

[a*3ll6] B^JSl *fcfi2fB«<^=^S|Xl/i7 h 
'a)V5.^y\L>hm^\Zii\,^X. ^^=L-yVt^, m.^ 

m^m<Dm,mm\zi^t^miz\.x. *SMk^^tm^« 



( 

3 

m^m 1 7 J mjftm i e fBS<ow®x uphaji'S. 

[I*** 1 8 1 1 7 IB«<D*«X l'i/haj]^5 

Cil*« 1 9 ] 1 S fctt 2 iE4fcO*tllx Ui^ h 10 
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(1) 7;i';«7'J^JS-f^>. Y)l:^0±m^m-i:t>R 
C2) ±E (1) »ClB«ES*lS«-«lifeS^#:4'rc-g-*n 

* (1) ow«^s^(*^#g±t-^«bT, 

taxU'i' hD;P5^yfe>h3S^. 30 
[W*312 1] $fc«2|5«0#t8XUi7 h 

(2) ±fe (1) \z^m^tx^mmi\:.-^mz%^tx^± 

(1) O^im^^iJ^WHitc^^LT, -e®«a7cs 
*t?tri0^fi£-r-£.S(S^fi£g<»:, *^6.«jS$n-5*«X 40 

[ai^« 2 2 ) g»*^ 2 0 Tbmnam 2 1 ssEowst 

xu^ hD;i.5;^; hSTdiJUT (2) TffifflS 
it>ia*-&tje:ts-#afr-5*«lx^i7 hD;u5^ 

[»^^ 2 3 ] 1 lemoW^X U i7 h a ;U 5 
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C»*^2 5] *;t«2f5«<D#tgXU57. h 

fg^Boi^efistc^-r-sBtUT, *«^k-&ifet. K# 

«^ S^tt^k^i^i ^ LT7ic^*-;i'aAB&«-r 
[!S*:B2 6] a*]K2 5l3«<D*«|xU'i7 hp;U5 

<^©^r;i/it**t. #«8<k-&i^JC^tlxT0. 0 1~10T' 
t«*^2 7l «*JS1 Sfc«2|B®©#*Sxlxi7 h 

^JJtSKJPS 0 ninJ&lT©4!:-;PaAS^*-r-i>^r«lx 

[w*^2 9] f»*«i sfc«2fe«©w«sxui' h 

l«*3«3 0] »*JB1 *fc(i2|5«0#*Sxl'i7 h 
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fc(Appl. Phys. Lett.. 51. 913 
(1 9 8 7).). -?-UT. Tange.©1#ff (ItMffl 
59-194393 ^ii^. ^KBS 63-264692 
10 ^iiffi, ^mW- 2- 1 5 5 9 5 4 . 

53 9. 50 7^i8ffl«> ra»4. 76 9. 292^?^ 

mm, mm 4. 8 8 5. 21 mmmm) oyua^-co^m 

* U<ttKKP* 1 0 0 0 A~5 0 0 0 AoDttHtTn 

«2 5 VJWTfiDB«J0«ffiTfg5t*»*lc:*ffl;f&:SS (V 
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[0 0 0 3] Tange»*«, *rfilJi©KPSrfi< IxTK 
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e,*i7>h5-t>#ieaj&^f.©«|^fE3t (EL) 
mz, ^ffl«^Fa***ij&5SS<DS(r»MS:*LTtifclCfe 
J«Jt)e.-r> Si(i«ffilCl 0 0 V*fi[©iiSt>«EEi&lf Lfc 
fcJ6. ig^tLT®V^^«:^^i&^?|* (W/W) L*^# 

-S-LT. Se)!>«fil*-r-5^«EL5(l^©«tiga:tt. ffiJC 

i>) m^m. ti^j-]^ h\.^^mzmm-^ri^^mmm.x 

30 ELa^5{4^«iS>^£<i:fc5X 1 0 ' (0. 0 5 

%) *-^^Sfe<D-Ci&-StLT^i-5. #^885 9-1 9 
4 3 9 3^iiffi(C«, EL«^^!)^t«. T^iSttC^SB 

iHigs-cri^^ti^s^ (1^) /©>tc«-rs. (&) 

T (-S«iaE«fii*^6©5S3t*fiJffl-r-S) m3tf83t«5 

E L x/W Xtr fcKS^Ji^fi 5 % fcWA^KJc 

ffi^stiT^jo, (=s«6!)et*^*^e,co^^s- 
40 2 ojgiriao'^otp&'S. m.&^mmt'mmz'fn^T. 

tt, mnmm=i-mm\tM\z i o o sgdiijisboofco, 

a n g e><0#flF. iB3t®^^**:^ia:|fcD=&tSE LT^/'t-r 

50 7.<omn\zmmt:i!i^if, sse.®ti*Lfcstigs:a2^tL 



( 5 

7 

[0 0 0 4] LTb^Lfiii^e,. Z.<DmfiU^(OmmELm 
mttsni> 1 0 0 c d/m'*feSS(D»aETfJ;p^< 

•r. mmm'^^TSWii-^ti^ i o o o c d/m'~ i 

0 0 0 0 c d/m'SSW»a[T-|lffi±iJ-S;i^^»# 

»Sf§3t*#^.fc«6(c«. ^1 OmA/cm'*^e>ai 
0 0mA/ cm' iC^T-SSSSS^ffiSrS-T-StVi^^C 

;f c d/m'gST*)^. m^^aAM7^n'f X<D«^t 20 

tiJvti^^>vim^ii^n-r^mm^momvx^^^. so 

[0 0 0 5] z.<Dmrj.mm\zsctL'T. 1-32 
9 7 48n^£tn (MfB^mm^me, 107. 7 3 4#w 

^mzm.mzmm^tix^^^:iii^<^mt-r^^mEL 40 

^mtf»mm\zm&i>^misa-^titct^mm®<D^m-r^ 

mmztk^ntz^ytm<Di^iim^-r^z.tiz^o. mm 
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f'Sim%m^M.\>^\z^i&^-^^tc^\z. 1 mj@oii#& 
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ic ± o T + W^SB tt S i» CiJ-W $ n 
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0. iMiri (lOOnm) eftTfeit. ^Sr^tlTtt 

ft:tcj;«.^a (-KlctD«>i'<i:l*«n-5KM) ^r^C 

j^rit u;^ ttn -tc ^ o , -^tt o j^^^u- :^ 

[0 0 0 61 1fS2 0 0 1-2 2 

5 8 4 7^^iaBSIC*3ViT, «e3l5©^filELSR^$«lfi)t 

^^^EL^^SJi^Lfc. Z.Z.X. ^li^Mi«. m 

wm\zu\'m^M.^-r^. S'jw-rn«. K^m^iffi*^^ 

:S«:e9{w«Jtatn[*t 1 . 0 X 1 0* Q • cm 

t? a& -5 !^ R *^ ;^ -5 c: t ^ Bt IK © -5 % t:: ^ W L T i 
/t. t7&^L;^*if., saiS^M^l 1 -3 2 9 7 4 S^ii 

IC. 03 8 (b) \Zm-r^^\Z. ^S5 5 t^ffiS 2*1 
<i:'t)tc2mm*i©;^ h7'f StitCit3Jf3^l|-r 
^J:-5.tcfPSb. %^xU7<&3SII««E©2mmAiE;5r 

(□) \zis.^^oMmvx^. ^m&ms Ai)mm<r> 
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WT-S^-^- H-VXi? (2mm^|}gtt (□) ) Sr^fflL 

[0 0 0 7 J 

[4#f^5:Stl 4tK0S 5 9- 1 9 4 3 9 3^ii« 
il^SBB 63-264692 

- 1 5 5 9 S^iiS 
*B#ffFm4, 5 3 9, 5 0 7^^iai« 
*a4t«F^4, 7 6 9. 2 9 2^iaiM» 
^ai^flFm4. 8 8 5. 2 1 1^^ffl3 20 

[0 0 0 8] 

-yht, :^f&m-^mnL\zm^^tiitmm9i^m<D^m 

m\z m^:iiVTmm<Dfttb<D) v'V 

♦r*) »PBi«e&M«}^^t>^s-c3&c)T. setjT. its 

[0 0 0 9] 

ift.«w^<Die:^. M\^-r^mmmmt^mmm<^m\zw 
?i-r-5«Sc®f!?trL-5/ HAt. -en-?ni . 0X10' 

Q • cm£t±, iff* L<« 1 . OxiO'Q-cmet± 40 

^(DmmmrB^izm&m&a^mua^titzt^. mmtt^m 
f)^^mr^mmzwtEr^mn^<o^^:x-y hcd*-** 

rfefcd^fcit?lJM»rgglE^ttlTj l^l^lCf83tLT. titJlE 
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TJ tit. l^^lc3r^©mE$rS3ilDU/bi:^«C. 

\>^^i^\zm^moctiMf^-r^. 
[0 0 101 -ruij-^. *58fB©*«EL*^tt. «rpj 

^, 1 • 0 X 1 0' Q • c m&L±. 

L<«1. 0 X 1 0' Q • cmEt±cDitffimS:Wr-5S 

@t)l. OX 1 0' D • cme<.±(DJtafit$^:fr-S«m 
[0 0 1 1] *BjaBS{C*5t.iT. r^?trL--y hi <t 

i^^^Sj 1. 0 X 1 0' Q • cmJeA±, »iL 

<ttl. 0 X 1 O'Q • cin£tJi©JtJ&ta*#f -Sfl^ 

[0 0 12] *^W®*tiEL5g^tC*5UT. 

s;^t-s2aa(D«!)«©«eft:x«ji^s*^^& 
0. &2mm<D!^mr^xmtm7cK!i:^izj^r>x^>^:h)i^ 

mm\z^n^nmm:^mtmm:^^^^m-r^ c t {r± 
-;p*aAL. mmB^mo:>mmm\zm-ri>^^=L-y 

[00 13] ^fz. *^BJC0#«8EL^^IC:fel.iT, H 
(a) -f:t>-fk5pv^>>'Y;P*^5. 7eV^ 

«^k^«>»RCX (b) (a) (Dmmit-^mtWt^MTcRJt- 

i)•^ibf^^n.m^y^t.m.'^mti^^t^y) , tnis (a) 
(b) ^^h(DWixm\'cm.7tK'^^\z^^mM^Wimm'^ 

■5C«-1':^Wt;#5r>>'-v;i'A«5. 7 e V J; O'h^l/iC: 



( 7 ) 



11 

[0 0 14] ^i^\zM.i^&^\z\t. (a) ^^commit-^ 

m^7V-Jl^T^>^t^^X-&0. (I) : 

Ar, _i_Ar3 

tl^7U-~;PT^ Xb'&^TS^c?^;!!!^^?^ Ll^o Z,<D^ 

1#S¥6-2 5 6 5 9^^;^^, 4fM^6-2 0 3 9 
6 S^iiffi. i|^||5|i6 - 2 1 5 8 7 4^4ia. 4*ffl¥7 

- 1 4 5 1 1 6^i>ffi. 4#li^7-2 2 4 0 1 2^1!^ 

- 1 5 7 4 7 #M¥8-4 8 6 

5 #IB¥7 - 1 2 6 2 2 6^iiS, #Pa¥ 7 

- 1 8 8 1 3 0^i>«. #M¥8-4 0 9 9 5^ii«. 
1f5i¥8-4 0 9 9 6^^:^^. 1$P8¥8 -4 0 9 9 7^ 
/Am. #B¥7- 1 2 6 2 2 5^ii^, ^fgiipy- 1 0 

.19 1 l^^ffi. i^m^j - 9 7 3 5 5^1iSfC|8^^ 

.{3-;jC5^;I/7x-;1/) -4, 4' - z^7 ^ y \fy 

;k 2, 2-f;^ (4->?-p- hUJPT^y ^ai- 

yPA>. N, N, N' . N* -5^h^-p-hU 

;p-4, 4* ->?7^y t::7x— ;k b'x (4->?-p 

4, 4' ->?T^/ t:7xn;p. N, n, n' , n* - 
5" h^7x— 4, 4' ->?T^/i^:7xz:;i/x— 5=* 
;k 4. 4* -tfx (>?:7x-;i/T^y) i7;*--Fu:7 
X— 4-N, N->?:7x— (2->?:7x 

r:;Ph'-;P) ^>-ii>, 3~;<h^>'-4* -N, N- 
>^:7x-;P7^yx^;u^>ir>, N-:7x-;i/;^;m 
1, i-fc-x (4->?-p-hUT^y:7xn 
-'>^n^4^-y->, 1. i-ex (4-5^- p-h 
U7^/:7x-;i/) -4-:7xr:;u>-i:7n^4^it>. b* 40 
7s (4-i;^^;i.7^y-2->c^;p>^x-;w 
z:;i/^^'>, N, N, N-hU (p-hu;u) 7^>> 
4- (>^- p- h U;P7^ y) -4* - [4 (v^-p- 

hu;i/7$y) x^u;u] x^;u^>, n, n, n* , 
-'7^1>^yxz:;p-4, 4' ->?7^ / -ii:7x- 
;PN-:7x-;i/*;PAy-;K 4, 4* -fx [n- 

Jl. 4, 4' * -fx [N- (l-:h:75^;P) -N-y 
xn;i/-7^/] p-^— ^x— 4, 4' -fx 

[N- (3-7i::^:77^— il/) -N-:7x-;i.-7^ 50 
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y] f:7x-JP, 1. 5- fx tN- (1 -::h:7^;i.) 
-N-:7x-;U-7^y] :^^i$'U>, 4. 4' -fx 
[N- {9-T>hVM -N-:7x-;i.-7^y] f 
:7x-;u, 4, 4* ' -fx [N- (i-7>hu;p) 
-N-:7x— ;p-7^ y] p-3^-^x-;p, 4. 4* 
-fx [N- iz-yjL-ryhVM -n-37x-;i^- 
7^y] f:7x-;i/. 4, 4' -fx [n- (s-yji 
:t^>v^-M -N-:7x-;u-7^y] f:7xn;K 

4, 4* -fx [N- (2-fUn;U) -N-7XZ1 

10 -7^y] f:7x— 4. 4' -fx [n- (2-^ 
-N-:7x-;u-75y] f7x-;p. 4. 

4' -fx [N- (1 -=id:^;-;1.) -N-Xx-;l.- 

7^y] f:7x— 2, 6-fx (>^-p-hu;i/7 

^y) :^:7^U>, 2. 6-fX [i^- (l-:h:7^ 

;w 7^y] ±y^u>. 2, 6-fx [n- (l~:^ 
y^M -N- (2-:^75^;w 7^y] :h:7^'!/>, 
4. 4' ' -fx [N, N->? (2-^:7^;i^) 7^ 
y] :7x-;p. 4. 4' -fx {n-7x-;p-n 
- [4- (i-:t-:75^;w y^ziM 7^y} fz^xn 
20 4, 4' -fx [N-:7x-;p-N- (2-fU'- 
M -7^y] f>^x-;i^, 2, 6-fX [N, N-v 
(2-:^-:75^;U) 7^y] :7;u;^-u>, 4, 4* * -f 
X (N, N->^-p- hu;u7^y) 5'-:7xz:;k. f 
X (N- 1 -:^:7'^;^) (n- 2 -:^:75^;p) 75 

[ft 3] 



30 




-e^t?^n'54, 4* -fx [N- (2 -:^:75";^) - 
N-:7x-;^-7$y] f:7x-;p (a-NPD) , t 

Mb 4] 




T^tp^n^Xf o-NPB, 
Ul:5] 
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E L sg^rof^S {cfiEffl $ nx 5 lifil <D t> <o j£e 

l/i. ±E. a-NPD. Xlfo-NPB. X^D-TA 
DXt^2-TNATA«;<f7Xte^.*i*<9 O-Ciiti-Cfe 

[0 0 15] *fEi9<0*«8EL5g^»C*JtiT, «?S(ff8± 20 
[0 0 16] 

mmm(D6^.mmm(z»:^nrz^^=L-yhAm^m 

(2e6AJi) #SEL, &^?taL--y hdU . 0X10' 
Q ' cmU±. »Sb<«l. 0xl0'Q-cm6t± 

(Ditm.tn^m-t^m^mB\i.(om^m^mizjz^xf±m 

[0 0 17] «l£5l5©*«SEL^^li. ^ 1 J;p 

ic. m-<o^yt=L-y hufimmiz^^txftmjSiifi-oT 
i5D. ^anB!id^?.«^ (e- ) , mmm-^-^^^^-)v (h 40 

[0 0 18] *f!5S©*«»EL^^^tC*5UT. 
B*Jgfig-r-5«<sft l>Tttv itffittdn . 0 X 1 0' Q 

• c TnU±. if* L < 1 . 0 X 1 0' Q • c metiT 

SiS^diS 0 9«JK±®B-C*5ri:di»*H,». Pj«3t 50 
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^mufifbiio. M2aao«5aw-eiiYkS5cRj£:icj:* 

^ 57 * ;p A 5^ ^ > i 7 :<j ;u T r. :t > d'' 6 7ft -5 mi^f^ii 
-6tllSEg;^|6]<!:iSg;?|6j'^^»i-r-5vltlCJ:r). WIBS 

. [0 0 19] ffiffi©J:5J-. *56l905R^^^c;te^ts«^Sf 

(b) m7*J-Jl7S.>it^<\g!li:m^m7cKft^tZiiryT 
$.-5. a3«, tlifBcD (a) (b) I^^J-CDtt^ft: 

^. Sfc, @4tt. WIB© (a) m^t (b) fiKiJ-CDjg 

[0 0 2 0] m?^5!^Si&^fi£-r^2as©<b 

m& 800~2000n mWia^^^l-M^ICK 
Ji^MTtt. j^g 800~2000n m(Djfi#^1.®iat3 

KiR;^'<i7 hju©fc:-i7*«^r), 2as©ffc^^raTo 

[0 0 2 1] msit, T U — 5 ><t-^<^x-^^ 2 - 

TNATA, a-NPD, Xfc!a-TAD2&I^Xtf 

XcDKitXT.'^i' h;P. SZ/#7U-;P7 5 Xb'&'Kit 5 
Sf<bA*:?-i?'^AtOjg^|gCD®JRX'<^^ hAS-^f. ;i 

S'fbA*:^v''i7Ati, *3aTttj$S8 00~2000nm 

^«)a:5g!fl;A:h>f>At©jg^Ktt. ?fi«8 0 0~2 
0 0 0 nmWigjS^ffi^ECil^i&lf-i^S^L. 

2 -TNATAt 4 F-TCNQW^tX-en^lffi 
aiRyfjg^K©«JRX'<i^ h;i^Sr^U. a7tt. a-N 
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PDiRe.O, (7SE{t2 U-r^A) OTJg-&^a)KiKX 

T, B 3 ©afc^cffiiR tf- i7 i>m^i^^m^ 8 0 0 n m 
--2 0 0 0 nm<D^mizmm^nx:^r), *^?^#^CD 

(iss) imm . mm y^-jm 

mm/^ytmy mm) , (mm) y^-)mmm/% 
3ts/a^ttsie/ (ii^) . (mm) /^-ji/Sas 

/j^-^p^MB/fE^M/mT^M^/m^axg/ 20 

[0 0 2 3] ^mffi^^t LT«, -JiSWtCtittVllgc 

-i^y-if^tifc^mm^mf'^^m^ (^mw-i 0-27 

0 17 1 ^ii®. 4t5B 2001-102 175 ^'jkm^ 40 

B^«^*^#re¥^l 1 - 2 3 3 2 6 2^^ffiRO:4#S2 0 
0 0- 1 8 2 7 7 4^iiS{cM*L.fcS^^^fflLT. 

^mmmizst-r^mmm^7jvt>u^m^:t>. 7)vt} 

l'a7ELp-5^S, m7L\fi. AK Zr, Ti. S i 
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(0 0 2 4) Sfc. KSmg^ftiLTtt. ItlC^PBtt 

/j:<. ^JA«. I TO (-f >i?':7A • r-rmit^) . I 
[0 0 2 5] ^^\z. sfcm:<*^Bg#f,dt^^g2 0 

0 1 - 1 4 2 6 7 2^5iai»tCl2«bfc#ffiS:^tiTl 

T o^^mmm\ztikm<Du^^^^tt.7.j\y 9 u >i^}£ 

l'J;oTfTPJl^«. Hf(^il^«lc4$^ipl 0-2 7 0 

1 7 1 ^i;^®TSi^$nTii^^JBK-t:>i!/$nfcw 
fiasi&m^aASicfflt'inawj^© I to-^i zo©j; 

^^^m^mmzmm-^h^-b^^) mmt^^^m^i-^^ 
mm^^miivxWtm^mmmir^zLi: 

[0 0 2 6] *fE^CD*tiEL^^«. »|6]-r-5l^a« 
^3.-5/ h*tl. OX 1 O'Q • cmet±> $f$L<« 

1 . 0 X 1 c Q . c meticitfi^s^-rsm^fsg^ 

t> L < ti-f-n 6 «ffitcs-r *«?taA^ ©j^figffitco 
x\t.^m<omwi E L TfjE < mm tix'^tc'A^ o 

[0 0 2 7] ffL.<'^^^«lig**t-S*^BgcD*«iEL 
:;*<D,iiTfie*©W®ELsg^itt::*:^<Sia-5 

(=100%) Xh^tctfi. *5!l9lri-5*«EL^^ 

n^3)s-;i' (hM aA«*«3iii-^iK®fl5m^« CbL 

s^^7jie.§i#s*^nfcm^«> mmmxzm-t^m^m 
^•t^^mi^^m^nmrnm (t>L<«LUMo. . . m. 
mm^^m.) \zQ,x-^ni,r.iLxm^^mm^m^^ 
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-e^o. L*^t)*«seti5&i^-©H:ttt;t*#-r-s («^ »««:'3^^^^ (w/w) <o(gT$'}g<fcitT*-s.fc 

<D*t5ELS!l^ii^aiC. (SSt|gS<D52M-r-5««(« h€:mgrB^»C#SE^1±«>t^5teMtemffi ( t u r n o 

«-*<»5fr-5?lie?g«©ilttl63t7^A'f;^<!:bT!lif^^ n Voltage) ^feBSrifgiJit), tS-pT^Sff 

[0 0 2 8] t>■^^^. *^Bg<73;t^EL^^^«, m@ 10 fcBSn fg^TS^fc*. C CD^^I^SWlCttm*^ 

OX 1 O'Q • cin£t±. »$L<»41. 0 tfe^i* (W/W) «^^kL;il^c:<J:lCSc-5. 

X 1 0' Q • c inK±®ifc»tt**t--5*6&tti»«©* [0 0 3 1] *5t:i^!y h*<«Sc#«Ef -S^fB^^ 

«iEL?^^*i«^ (nO) . it5>Jlc^i^;^fnAcA^<DC:t tt*<£^T€r^,^*«^tf ^.ns. SfJtES© HSO^Jto. 

«$n-5«{a[P*T«- (vn) (v=vi+v2+ *«i«-rsKff::#«E-rst:>3i^-;i/^©j^s-cBfffi, 

+ Vn) -C$>^Ct\t. m^*Tfc7S:t.n iifoT. SSr^llC («glW) IPM^jt^^ 

SE3lEOWfiSEL^^CDf«L^T-a&^t$nT#Acl 0 Vfil i;i^to T b ^ ■5**. *^l^©^fi5E L^^©«^ttmffi 

T-CCDig«£E^»«. ^^^^-yhWS (n) re^l^iPdWl^OT. SI&CDfeS^ttdi<£T-r*C 

[0 0 2 9] ^twz^t^tji^ir. ^m^(DmmELm^ m^tmomm<omm\tMx^^. #i;:5t«diiffi»-e 

<^ffs^3i:ST-^-5. :ioy^. mim<DmK)mmmEEhn mW}mEEf)m^(Dm^izit^x^^^::tit, mut&iniz 

»S*i^#*1titttC1S:-rii||3KT^'5C:i:t^)f<h^«> f^ (5 vri 0 0 0 c d/m' ©»ffiS-#Sn-5 

Da*a3S:V». 5 0 VTl 0 0 0 c d/m'©»«?&#Sns 

[0 0 3 0] *fc. *^igc0W«SEL^TC»^Mi:^® m^^it^VX, I2^atn[lcj;-:>T 1 Vcom^SET*^^ 

«EL5g^(DBSnfglC;^d:»3,>© N(D) O 40 T-*ofc^«EE^ffll»Cj;-2.*M-=<' h U i^X^it©^*?^ 

mwtELm'Fo^mmm^m-fy^ 1 um^m^u^'^^t^ (0033] nmz±tsmt:t^-\z^<E>it.^mf3. 

(J:0lltttcBim«2 0 0 OA (2 0 0 nm) BATT* fflit, 1#JcM?^SrS!iBlSffl0iIt LTsS^fc^fcfetdE© 

x^^fcmiz^pf-x'h, :^^m(^mmELm^\t. EL^^ic*jtiT«, mznomz't^m^ 

\z. ummmmEi.m'f-ii\tmti.^^mt:m-r^. m n^mmm.mmm<oiti&m. (~i o-*q • cm) «. ^ 

Skoda k1^^. 1#PBBS5 9- 1 9 4 3 9 3^^S, S©JtS^ (~ 1 O* Q • cm) ICit'^T 2iSa««V» 

#^836 3- 2 6 4 6 9 2 -^ii^. ^^Msp 2 - 1 5 5 9 CDTil&SSeiJ-*^ ^.S^^A^^tl-S iCt^nx, ^^^L- y h 

S^iiffi. *S!|#I*^4. 5 3 9. 5 0 7#BgaB#. 1^ lZ%^mS. (V) (feU<«SSE (V/cm) ) d^ffi 

^4. 7 6 9. 2 9 2#?Bffls. igs4. 8 8 5. 2 1 50 T-titztt}^ mmmzm^^»iS:mtm:^xo:>mmtsiE> 
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(0 0 3 4) ifc. *fg?qiC*5tt^.«#|g^@©ita^ 
ttl. OxlO'Q.cm«±, »*b<ttl. 0X1 

[0 0 3 5] S8«, *fe?g©-ilJfil8«TibS*mE 

n&2. nyt:i-y h 3 - 1 . m«ff!*S4-l. f83t 

h3-2. 1H^^*^4-2 m.^ 20 

fg±®4- (n-1) . h 3-ni:»0ji^ 

(S) <r)o*>. ;<f7X»« 1, iSl^lSSm 

mi. m^=L-yh (3-n) (;tfc*bn=l. 2. 3 

) > ^mmm5\tmis\<D^mT$,K). itissi*«i. 

0x1 O' Q • cmu±<o%%^imi^(omm^±m 

(4-n. fc^lxn=l. 2. 3 ) {Cj;oTft^e. 

nitmm^^L-':, h (3-n, fcfc*Ln=l, 2, 3 " 

•••) amwcm. mmmwz^^iEr^i^ii^^mmo^mmE 

[0 0 3 6] ^fc, #«EL^^tt, f|g**«0»Ott 
•&«1gfie£Ji 4 - n i»em@:&[R)(:: 

S;^E|g^i:^C-5. 40 

[0 0 3 7] m^it. &1HSf84e4-n7iiem«ffi;& 
lS]tC«^^aA*-r-5(Slr«. !HrM¥ 10-270171 

n'Am-p<^m2 001-10217 s^iistcM^^n 

»*Lti. CCT. H-:)— h^-/t> TJP^U^ 
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WtS{b-&<^lc«LTO. 1 ~ 1 01r*-5(Dd^»i Utn 
c:®^:;nt^d<o. iJfe^Ttt. H— /^>ht.toa7c 

>iy5ai;S*^/h^<, lOfS^fi^^t. M4'©H-A> 

±ffi®J:^;ia:«^aAJi5&*r-&«^05l3te 
<Dti:mmmzmty'E>-r. ^^yt:3.- y h^<D. x-^jldf 

-?ts®i&vi«^aA*^iis$n-5. 

[0 0 3 81 fgye:!-.;/ h«, Htfg^ScDISS 

J5i5 nmStT. »i b<»iO. 2 ~ 5 nm©M*^ 
«^=^aAJi**-rs«fiET*-:jT=bJ;V». c:©BI»*<5 

©TfiFSlx<;&:Vi. Sit. 5 nmetTroKP^^-TSK 

[0 0 3 9] Sfe{SJA«. &m#5!^S4-n*i6pm 
S:&l^lC«^^aA-r-5^IC«, #P85p 1 1 -2 3 3 2 6 
2 ^^S-^ltli 2000-182774 ^iiffi (^JlS* 
S#ffF^ 6 3 9 6 2 0 9 ^^BiMS) : J,„. E 

ndo, T. Matsumoto, and J. Kid 
o, Jpn. J. Appl. Phys. Vol. 41 

(2002) pp. L800-L803) \Z (.:^^m^ 
e.»CJ:oT) M^iSmTVi-SS^aAe*, m?BffE*^S 

Agtt7;P*U^JB'f :t>. 7;i';^'J±jS^S'f ;t>, 

M7iit^m^mmi^xm^m^:t>^^mi)tm\zm7ch 

xu^ r-?-cD«sj^JSfepKMj *5!?^© 
m'T<Dm-^\tm.m&yi{SL^m^@miz vxm^s.ft:^\z 
mm.m^mf3i&rnf^{t'Bi^±\zmii&-r^<Di!fi»^ v 

(D^m'<:t>^^yi.-r^mzm<^\tm<t:^tix. i. o 
X 1 O'Q • cmet±©jta^<&*-r-5.ife&ttfb^«!)tc 

(c:c:t«3 'ffiSE©* ttt:m«r«nrtti 0 nm 

«T©MJP2r««L. m.mm7C^m<Dmmifi 1 0 nmt: 

[0 0.4 0] ^fc^j^«±fe© r^-(D«Kisafefi£gj fc 

fi« (4#B8¥l 1-2 3 3 26 2 2 0 00 
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- 1 8 2 7 7 4n<^m) (cstE^nxtis^a^jg^^ 
s-f 5i- > *$#-r -sK^tife^ A □ y ><fc«b-e* o T i 

[004 11 ±E©1*M¥1 0-2 7 0 1 7 1 

■^ii^-t'ltBS 2001-102175 ^^jk^. 1 
1 -2 3 3 2 6 2 ^^^-^it^S 2000-182774 

n^jkm {«i&*aitffFm 6395209 ^mmm) ®s 

gJgfC) #gfl¥ 1 0-2 7 0 1 7 1 ^4i«-t>!t#ii 2 

0 0 1 - 1 0 2 1 7 5©^JIIH— tf >i^S*BfSKJPT? 

1 -2 3 3 2 6 2^^^^4#ra2 0 0 0-182774 

fcT€Effl-r-5Ct-C, EL 5g^©ISffitcS-r 

2002-27365 6 ^^iffl«t»ifflteLTi&-5. 

«^Sf56*Ji (©Kafij) jcs-rs©tt r^-© 

[0 0 4 2] ^rzm^it. =&«#fg^S4-n*^6SES 
g:*l«]C3j^-;i/aA-rsiRJctt, *;f!ig«^**#W¥l 
1-2 5 1 0 6 m^^m-'^l^m 2001-24 4079 

^SrJg^bT, TfJ-JUaA^t LTt.J:t'»,, COD 
KiP«3 0 nmeATfr^©*W* b<. 0. 5 
~3 0 nm05|gHi:-r-6(D*W*blri. MPd^SOnm 

l/i.2>©T-. iff * t< 
[0 0 4 31 m^S^tt<b^«il OU'fT.mt-^m izL 
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A. a-^^t-f >-:^'>A. 5^fl:7>5^t>. 5 7-;/<blilt 
z^i/aa=^y» , TNF (h «Jx hn^Jl'^f 

» . TCNQ (.T^h^'^T/^y-J^^^y) . 4F- 
TCNQ (5^h77;l/:t-D-7^h7->Ty^yi^Jt5' 

AH+o^iaYb^fstS^SSttfli^^ii (H-/^>hft 
^!^) ©t;i.it^tt. *m^i^tc?SLT0. 0 1-1 

10 0©«SH'e*-5<0*WSUon H— /\>h©tfc^d<0. 
0 l*Sn?*<5t H-A>McJ:r)»{bSnfci)^^^ (£t 

-fc:>i9'©^m*i/jN^<. lom^eAst. ]K*©H 

[0 0 4 41 Sfc. -H^»^g*J^fi£-rS<feM©ft*H 

sc*M. 5 e vei±Tfen«, sij|gm^s^tt<b^4a 

10 0 4 51 *5l?«tCfflViS5!3trL-«y htC*V>T. 

m^m<^mmmtzt^-r^m. m^^^m<r>^mm\zm-r 
^miim—mmzvx^j:\^^v, t&fSiomu^m^&A 

'^^(D^m E L ^ nT#fc«^aA®^Jf:- 

30 [0 0 4 61 2^^?«©#«EL^^©fiKK^r^l±. 

g4*ia&-£.©T-. m^iK<mmtsrLXi^^^i&cm^mmmm 

#S2 001-15336 mmm9izii\^xm^vrz 
mi::km\zmmi^^ if^^mmttm<ommmm^-simui!)^ 

40 ^0 1 0 0 %IC)ao*tt-5C,»:*<T#^. 

[0 0 4 71 ifc. *^l^©*ffiELig^5iBI^T^»W 

Sft. mTlf-A3SI«S, U-lf-t- Allies, X/"^ 

tioT, (Kt^Ji^«^b-&«^*^e.©fltt^^©i^H-e) 
<b^ftiSMfiKA^e.«-rnfcjflfi£©M**M^n'5 c t*^ 

50 bTSi«!»«*?!l«-r5«^tt. :/'P-feXf C56^-rs 
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^^iSj^'-y-;/ hiCXA.y^'S® (4#g2 0 0 1 - 1 4 2 10 
6 7 2 ^^iBB«#fil) *»ig<DS#fS*H©«*dtlC 

[0 0 4 81 Sfc. S«±lCJ5aK^n^±T<D^$:. ^ 

5&ftfcioxritBi-rs:it*<T#* (i^S2 001-1 
5 3 3 6 7 nmmm^m) . 

[0 0 4 9] *^B30*«EL^^tt. tS*©* 

^SfS (AX (2n-l) /4. fcfc'L. n=l. 2. 

3 ) T-ib-5^fC«t)iS3ai*©fl3t^**»«»Ct** 30 

^%KMm.m^x(r)%^^m\-m i / 4 issic 
^ i> -5 d t < , ^net± ic wfiSiK SrP < fig 

[0 0 5 0] L.*>L.. 2|s:5!l3#e>a. *(lUJ©!^re2 0 0 
1 - 1 0 2 1 7 5^^®tr:feViT. ^tSMf^ffilC^-T S 

ODSlS^|g:*S (AX (2n-l) /4. ;t;t*I>. n=l. 
2. 3 ) tC|g5t^?nT0^Tn&*«:^^<fj:^i:. W 

<3iO, 3*»cK3t^l»JP*n/4«S©lll&fflScfS (AX 
(2n) /4> fcAcL, n=l. 2. 3 ) 
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[0 0 5 1] ^tzmz. ^(n^ofmi:yv\^mmis.^m 
m-rz>^m\zm&'t^i&'mtfiis.<is.i,. 

[0 0 5 2] TIH*ig0ytC^Lfcipir. *5!B3 

[0 0 5 3] 

[mi&m\ &.T\z^mm^mvfx^fm^^ib\znm{z 

8 00 0 (ULVAC (H**^ft?fltt) §?) SrftfflL 

It. ^it. mski&<Dmm.Wkm<r>m'&\zvi. 7^>3-;p 

(T e n c o r ) ttS3P 1 OfttSfiCiilltf^fflt'ifc. * 
T^U— (KEITH LEY) it 
V-XX-5'2 4 0 0. h^=l>BM-8»S!th*ffiffl 
Ufc. m=f-0y\TO^mm. AlSrlSSiL-X. 
£E*0. 2 V/20>©SiJ^X-X5^yytt»CSIlHlLX, m. 

&±.^iWi^<^nm.wnm.m.^m^vtc. ^tz. el 

[0 0 5 4] mmmi m^(D^mEi.m=f-(r>^mm- 
m^^%m^<Jim) mQ\z^\.tzm.mmm.^mt^'^^ 

CDWffilEL5i5^*Ti3©J:p{CUX<^»bfc. 
«1±«C«. SBg^g«a2 tLX. HStri2 0Q 

/□CD I TO (-f A • t-rmi^m. jem^ttsx 

/ V> t> L < « B ^ xttS-f ^ > U - 7^ 
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10© (a) #HB) . ^(o±\z. 

i7 4 0 (010© (b) ) ^lftl^T^—)U^m\a^T 
^>a-NPDS:10'tor r TT 2 A/S>©il«3S 
T7 0 OA©P$IC^MUT. *-;HSl2IS6Sr^*KL 

: 

[it 7] 




(KODAKttSS) D Sr. C^^TtfeSlAn sa^wjg 
Si;&-5J:3l3&«©Sg«fag?*iSSbT4 0 0 A©^ 




T^Stl5AVi^:/D-f >t^feS-fe5^'5A (Cs) 
;HtTl : 1 t;5:-5J:3C#*©35l«]^«Sr9ISbT2 

0 0A©JP$»r^KLfc. :;(5cic. ^S«a5 iLTSfS 
fiaKffi^«VXi74 1 C01O© (c) *:i)-bT 30 

A 1 immmmi oa/s>ti o o o A©p$ciiifL 

fc. C©ISlCj:c>T5S3t«J^«> «f0. 2 cm. SI 
0. 2 cin©IE;5r}^«t7i-5 CS 1 0 © (d) #,^D . 

#e.nfcigT©!i^7.'<:^ K;p«r0i etc^f. c©* 

-C*-5A 1 ^©PbUc. itSiiSBESrBllIOLT. ^7t^ (A 

1 q : C5 4 5T(0)^mmm) e. ©jibfe^^©K1f 
sai^Lfc. 02 1. 0 2 2S:0:@2 3 4'®0:/n.;/ h 
tt. -?-n^tl. C©3R^ (»qi«»ll) ©»« (cd/m 

•) -mffi (V) «S5t«S (mA/cm') -«EE 40 

(V) mm^m u d/A) -mm^m (mA/ 

cm') S:^-ri''7 7T*^). Cl©5^T©^7ti8 
[0 0 5 5] SWJ2 (t<e*©W«SEL5^^©f^SfiSl- 

wfe^Tt^^row 01 1 frs^L^c^s^jg*#-rsee 

f^SUfc. :tf5;^»«l±lCtt. »ffiSi««g2tL 

T. ->-hffitr[2 0 Q/D© I TO (-f >v"i'A • ^1* 

n-h^tlTl^iS (010© (a) . ■€-©±lC*r 50 
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4 0 (010© (b) ) ^^VX 
5f:— ;U^iitt«:Wr-5;^trD-NPB5: 1 0' t o r r 
TT-. 2 A/|^©^«3i«T8 0 0A©JP$lCfi£Kb 

g©±tc. fe3tS 1 0 tbTTEiC : 




T«^tl^>xeD-DPVB i 2A/©>©^lfjt« 
T4 0 0 A©P^ICfigMbfc. ^iCv S5E^3t^l0© 

±tzsmmi tmmz, ^jiiH-hr>^«^^aA«i i 

tbT, Ayi7:/a-f >i:&JR-fe5/»>A (Cs) Srt:Jl/ 
itX-l : 1 i?a:^i:5{C§>5r©^«j^SSr^SbT2 0 

oA(Dm^iz0^mvtz. 'Alz, ^mmmsizLxmrn^ 

KIB^JBVX^4 1 (010© (c) #HI) *:frbTA 
1 1 0 A/5^-e 1 0 0 0 A©J?^?il«Ufc. 

c:©lSCJ;-pT%^®«ttfiEO. 2 cm. «|0. 2 c 
m©jE:&)^4^ft;^c-& (01 0© (d) #Rg3 . 

mmm2) (Dft^x^tfhjumncoj^miz^ 

0^:^S«STSSA 1 i©PBltC. itSt«S$rWllOL 
T. fE5tglO (XfcTo-DPVB i ) *ie.©»fe5!?t 
©K<*tt*a3£bfc. 0 2 4. 0 2 5RC;0 2 6tf©0 

(cd/m') -«BE (V) mSit^S (mA/c 

m') -mm (V) ^tt, m^^a* ccd/A) -mm 

(mA/cm') «ra^-ri^7 7TfeS. ;i<Dm^<D 
[0 0 5 6]«¥fi»J3 («£3l5©««8EL5|l^©f^S^J- 

5Sfe^^ig^^©fi«i) mi 2\z^vrcmmmm^m-t^^ 

f^KL/t. ;95XS1gl±lc«. ^@SBqm®2tb 
T. heM2 0 Q/D© I TO (-f >v'">A • fT 

ss^ki^. Msg^^asxAy^'^^s) i!)mm/^i$'->\z 

n-h^nxt*^ (010© (a) #M3 . ^<0±\zm 

m<^0^mm^m-^7.i^ 4 0 (010© cb) j ^^vx 

•^—)Ummii^mi'^a-NPD^ 1 0 - e t o r rT 
If. 2 A/f}'©^«i^ST-7 0 OA©iP$lC^]mbT. 

©±ic. ^ytrni sibTAi Qt. m-&mytmyt^m 

T*-&DCJTB (KODAKttia) 5:. Cl©m7tfe3g 
1 S« % ©Sar t /j: -5 J; 5 tc# >!r ©sSSiSffi * sSS b 
T4 0 0 A©P;3FlCfi£)Kbfc. Wie^Ttg 1 3± 

<cSip«»Ji ^)SK-tr>y«^aA^ 1 4 1 

bT. /tyi':/o-l'>t^JB-fe>">A (Cs) Sr^JUJt 
-ei : 1 t/j:-5J;5lcS>«r©ilSjS«*a)ISbT2 0 0 
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ffi^JB-7X;>4 1 [a 1 0© (c) #gg3 Sr^hUTA 1 
SIISjSSI 0A/f3>-ei 0 0 OAOjP^tS^Ufc. d 
©IglCj;t>T^3t®iic««0. 2 cm. «0. 2 cm 

a)sE:^^^izti^ cai 0© (d) #figD . n^riTcm 

^ (S*CS|3) cD^JtX'^i' hJUSrai TlcmUT^ 
(A 1 Q : DC J TB®«^«S) d^eWgSfe^ 

+-fnyhii. -tn^n. ;i<D3e^- (susflais) (oam 

(cd/m') -mBE (V) mm^m (mA/c 

m') (V) (cd/A) 

sat (mA/cm') Sr^-riJ^^^-Cfe-S. c:©3g^<D 

[0 0 5 7] *ifi0iji (m?»f8^B*«v. o. (seit/"? 

Sig-r-5. SipWl CHI 0© (a) D 

T. h3- 1 ^fiSKUfc. -r^fttJ^. o-N 

PD*6 0 OA, A 1 q : C 5 4 5T= 1 0 0 : 1 ©H 
$4 0 OA. /N*V^:/n'f ><»:^S-tr->'>A (Cs) <D 
S-&®Sr2 0 0 A©il$(->S:;^Cfi£l^Lfc. ;*:{c. ftSIB^ 
SH-e>^B<0Ji{c«l?f^^S4- 1 ibX, V, O, 
(SffiftlMThv'^zA) fiBBia«2A/0>-Cl 0 OA 

■=?Xi^4 0 [0 1 0© (b) ) S:^UTfi£KLfco 

IC. Wtii^«r£IKffi^«-7;?.i7 4 0 miO<D (b) ) © 30 

-2i£^KLfc. -Tj^:*?^. a-NPD$6 0 0A. A 

1 q : C 5 4 5 T= 10 0: 1 (fi«it) WS* 400 
A, Ayi'7'D-1'>^:^«-fei^'>A (Cs) Wjg^g* 

2 0 0Ao@$(c. e^ismu;/^. fl^lc. .|^S«€i5 

iihTmm^mm^m-^:^i7 4 1 cai o© U) d 

:?|-bT. A 1 i£^^igffil 0 A/|J>T1 0 0 OAOiP;^ 

tcit^u. (010© (d) ) tcs^bfe/^^->*wr 

0. 2 cm. ^0. 2 cm<DiE:^mi)it-/3:^rCo d©* 40 

T»2)A 1 itS5«ffi*WiObT. 5E3tB (A 

1 q : C 5 4 5T(Dpim^m) *^e.®itfe^^©^1#tt 
^SS^bfc. 02 1, 0 2 2RZ/0 2 3 4'©D:?'p-> h 
«^-n^n. Cl©^^^ (SllSfiajl) ©»K (cd/ 
m') -mm (V) mSKSft (mA/cm') -m 

BE (V) mm.^m (cd/A) -mSitSS (mA 

/cm') ^^tif^y-n^)^. ccomf'^^ytmi^m. 

mt4. 4V-e3&0, »^C»Jl©^^©^iPt*2<g<D 



i ) 

) ^K2 003-272860 

28 

^Ttt«e>nT2<iSFSE-r^c:cDW«iEL^^i4. mm 
caii®*taEL^^^tit'<T. siismesa^ (t>(r»T« 

S^^^) *«, 2^&jfi<ir:fe€<i6j±bfc. C(Dj!I^ 
(*JSeiJl) »4. SWtitni-i^OL. (V.Os) t*-;!' 

(V, O. +a-NPD') t^^^n, SWUtn-t 
v"?A (V:0.) a-NPDB<7)#M*««??ffS^B 

mm 1 ©X'^i? h;Pi:S«— i6:Lfcd<. 

fiil@*t«fp^Jl i:Jtt!^bT^^iBB<;5:^fc. cn«, 2 
- l*^&©^7t*<fi5g-CSItSn. ^-WlSSTOSitTt 

[0 0 5 8] 3liS«Sj2 («^^fBiS*i*«^0*A^e.«} 

::<o^mmx\t. 01 4»c^t-as«3Sifc*t- 

(0««EL5g^€-SjS-r^. Sipfisjl tStSl^^lc, 
(010© (a) ] IC^L^cB>f^/^3'->lcn-h$n 
I TO±lC=&^!^^Kffl^Sv;^^ 4 0 (0 10 
© (b) ] $:/M.T. h3- 1 S-^KUfc. 

■r/i*?-^. a-NPD$'700A. (Alq:C545 
T= 10 0:1) (Dmt:4 0 OA, /'JV ^ T'D-f > 
m±.'>'yA (Cs) ©g^gS:2 0 OAWjP^lcWifcfiK 

4-1 tLT, TEiC : 
Utl 0] 




T«$tl-5 4 F-TCNQSrfiE^j^S 1 A/#-C2 0 A 
(Dm^iZ^miytz. 2-TNATA (A> K- 

it^m SfiKBijiftl A/S>T5 0A©JP$tC^I8IL 
^. ::©m^fS^B'&<fr«|i|^^IS^^JB-7;^^4 0 (0 

10© (b) D ^^LTifiKLfc. ^^cfc. ^m^^mm 

^m^7.{7 4 0 (010© (b) ) ©SS. HiJiS©JEg 
* t> 5 0 il LTf83trL- h 3 - 2 SrfiKK bfc. 
-r;^to^. a-NPD$7 0 0A. (A 1 q : C 5 4 5 
T= 1 0 0 : 1 ) ©g$4 0 OA. /^Vi'T'o-f 
Jg-tr->C7A (Cs) ©jg^B$2 0 OA©P^»C. flg^^C 

iEDciKu^c. &wz. mmnms ti^xfkm^mm^m-^ 
7.C/4 1 (01 0© (c) ) sr^i-LT. A 1 ^mmmst 
1 0 Ay&xi 0 0 0 A<om^\zmmL. (010© 

(d) ) »CS^Lifc/1^'->SrW-r^*MEL^^$# 
ft. ^XglCJ:oTf!3t®«««E0. 2 cm, fliO. 2 
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mnsT'$>i> I Tot[tg«gT-*-&A 1 t(om\z. m. 

SSmSSr^DDLT. (A 1 q : C 5 4 5T<0^m 

mm) i)^i<Dm&?iife<ovk^&.^m^i^fz. 021. 0 

(*ig{»J2) ©»S (cd/m") -«BE (V) i^tt, 
«SlffiS (mA/cm') (V) 
(cd/A) -SjesBS! (mA/cm*) S*-ri^77 

^T-*-54 F-TCNQi:*:-;i'Si2ltt7U-;l'75 > 10 

^j-^-eab-s 2-TnATA<Dn^m.i/^^fii-ri9M^Wi^ 

*t^*«JfiKbT^>-5i:3^it5n5©-C (4F-TCNQ- 
+ 2-TNATA') . 4 F-TCNQ@i:2 -TNA 
TAS©l!iS3&i«^^%^Si:bTtlffibTV^S. 
Il©m^Ttt»K= 3 0c d/m' (m85«ft= 0 . 1 
2 mA/cm') Sft*»6S!><f Ji«853a^*«T*«oTb 

mtStsa?*^o. imA/cm'sftetToie 

HT$>n«. ei^m8it2?l*T2 5. 6 c d/Atti'5, 
[0 0 5 9] 3IJg«»l3 (2®cD^7t:3-;^y hO^TtX'^ 
l±tc«, ^SS?gfia2 tLT, ->-h»^2 0Q/ 

□CD I TO (-f ^i^-:;/* • •r-rK{k«j. jear^asix/'^ 

0© (a) mWi . ^COi*^^, a*^J2 tI^UIS#T 
*«!^fi£Mffl^Svxi/4 0 (010© (b) D 30 

T3j!-;Hi3itt*«-rsMfE©:^eD-NPB (cov 

lONttSI) *1 0' t o r rTT, 2 A/gxOSISIjS 

0 0 A<DP;^lCfiEI^LT. 557^3. - >y h 3 - 1 © 

□ -DPVBi (COVIONttiS) ^. 2A/g>©^ 

«i^gT4 0 0 Aco»$icfi£j^L. Ay^yp 

-f ^i^feJS-fev":?^ (Cs) ©g^gS:2 0 OA©P$ 

A/#T'i 0 0 A©jf ^icfiKKUfco z.<Dmm%^mt, 

*fiS!^fiEMffl^Jil^Xi7 4 0 C01OCD (b) ) Sr^U 
T)«KUfc. h 3 - 2 ©*:-;i/»a3IS 

ibT> ««P0iJ3 <tl^i;< a-NPD$r7 0 OA©JP^ 
tC^Kb, $e.tc, *fe^7tSiLTAl qt. f^eSS 
JtSTtfe^trib-SDC J TB (KODAKtfc^) .1 

ss-iaSLT4 0 0 Awjp^icfieKbfc. $e>ic. «^ 

0tji:(^i;< AVi^yn-f >i:^B-tr->e'A (Cs) ©S 
■&@Sr2 0 0 A©;p$jc^Kb;t. g^ir. ^S®g5 50 
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i:bTi^gfi£Kffi^S-7 7.i^ 4 1 C@l 0© (c) # 
*^M.T. A 1 ^mmm& 1 0 A/li>T 1 0 0 0 A 

©^S5i«Lfc. c:©xeicJ;cT5!JfeS«c«e!0. 2 
cm. «0. 2 cm©iE*Jg«i:&S (HIO© (d) 
#g|) . j|«SCT3T-^f,nfcWfiSEL5g^©5E7tX'<i7 
h;i/*S 1 7 (cUSTS^-r. :i©W«SEL5^^lC*5t.i 
T, I TOt^gmSTfeSA 1 ii<Dfii 

(tr>i7fe^3t) d^^etifc. #e.ti 

yS:!^^^ (03 9 (b) ) ©%5t«li$rS^-r^»S:@ 3 9 
(a) \Zm-r. ^^©fg*#14«:iai^Lfc. 02 4. 0 2 
5Rt^0 2 6tt>©n:/a5' htt-S-tt-^^n, Z.<D^=f- (S 
i*0d3) ©^ac (cd/m') (V) #^4. «Sit 

S5S (mA/cm') -^ff (V) #14. mSS^* (c 
d/A) -SSSSffi (mA/cm') S-^fi^^^-C* 
-5. c:©3!l^=^©^JtHSSSffitt4. 8VT*ofc. 
0. *^CS|2©^^ (2. 6V) tS2p{«J3©5g^ 
(2. 2V) ©^7tMte«ffi©SJ<i:;ioT<.i-5. Sfc. 

-)VT 5 yit-^m. a - N P D t ©^J-^KTg[fba7c5 
J«:tCj;-6mi^ft^<**^3fefieL.TI/>* (V. 0.■ + ck- 
NPD•) <i:#Ae.n. 5K<kA:?->'<:7A (V.O.) M 
t a - N P DS©l!Lffi**fl1tfB^S t LT«tgLTtv 

[0 0 6 0] *lg0y4 (31@©fg7ta.^-;/ hSrWU. *^ 

*«jt^t-r«*») 

c:©*liS«sj-e«. 01 8»c^-ra(M«3t<&*-r^*^?^ 

©*«ilELIg^S:SSjt-r^>. »«*3«fffljtLT. ^E-tl 
^^n©»«lc«ip«^l tl^CMSTf. (010© 
(a) ) tc*Lfc^^/t^'->tci3- K^nrViS I T 
OJilcW«ai^*£Kffl^JSVX^ 4 0 [0 10© (b) 3 
S'rJM.T. ^Jti— h3- 1 Sfi^KLfe. -T^S^J-fe. 
a-NPD*700A. Alq :C545T=100 : 
i©^^6 0 0A. ;ty^:/D'f >i:^)||iri"?A (c 
s) ©g^^<£ 1 0 0 A©JP$lw)ia:*. 3t!c©««lCfiK 
Kbfc. :;*:tc. t(FlE^JSK-bf>i/@©±lcS^3f%^g 

m 2 0 oA(Dm^\z furnvtz, c©«^^%* 

m^mm^^mm^m-^7.i^ 4 0 C0io© (b) d 

(01 0© (b) ) ©**. fErJewiSSfc^— *»p 

igbT^^t^L-y h 3-2. h3-3Sr)p;*: 

*^ Ttsitms s T©7t*6?)iKP©Sjg^«= *mm-r B 

MT. SE0W»c:a-NPD*^^«J«$n-S*— ;Hii§l® 
©)KJ?5-3 0 0A. 5 0 OA. 7 0 0 A© 3a?ilCt)lt 
TK3aS©Sfi»CfiEKLTV»€. S;Jt-5MJP*Wr.5 
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3ft<D««(;:^n-eno-NPDS:3 0 0 A, 5 00 
A. 700A. Alq:C545T=100:l (I 
it) ©S1&6OOA, A*yi7:/n'f>t^)B-fe>":7A 

(cs) (om^mii 0 oA<r>mti\zm'A^mvx. % 

vx. v,o. (.s^itAi-i^'yL.) ^, mmmmzAx 
s>T3ooA©jp*icjSMUfc. -e-UTt>-5-ass(ii2y 

□ -fe;^*»»3iiL/fc. ■r;fcto%, O-NPDS3 0 0 
A. 500 A. 700 A. A1q:C545T=10 
0: 1 (m«tt) ©MS-6 0 0A, /tyi7:/D-f >i:^ 10 

A (Cs) og^s*i 0 0Aop$^cJB;^cJ« 

«S5i:bTlSS^Mffl^giVXi7 4 1 C01O© 

(c) ) ^^LT. A 1 ^mmmmi oA/e>Ti o o 

0 A©PSlC58|gb. (010© (d) ] Jw^bfc/X^' 

mm-iWtO. 2 cm. ^0. 2 cm<r>iE:^m^tt3.-D 
fc. C:cD*«8EL^^JCiStiT. »S«ffiT£b-5ITO 
tll^S«ST?a&5A 1 t©Kt, ttSSSBES-HJiDbT. 

(A 1 Q : C 5 4 5 T©#t^«g) 7i^e)©itfe^ 20 
^<Dn^\t^m^Vtz. @2 7. 02 8StX0 2 9'f© 

mri>m'Fpmm (c d/m*) -mm (v) m 

tStSSar (mA/cm') -«BE (V) Ittt. USS^a* 
(cd/A) -mm^m (mA/cm') S'^T^^^ 

T-a&-5. s,2 9ic*$n^>jio, mfs.^3mm(omm^ 

*-r-5^n-i^tl©^T®«dit^^ (cd/A) «;*:€r< 

»? . %'^a.:r h 3 - 2 . 3 - 3 (o^—)mmmm 

m*^7 0 0 A©t)©ttftiS4 8 c d/A^m^^MM^ 
m^in'^rirc—:^.^^^~-yh3-2. 3-3(D^— 30 

jmmmmmtiiso OA. 5 o oa©*)©^! s c d/ 

A, 2 8 c d/ASS©ML*^»e)n;^Aio^. ^7^3. 
-<vh3-2. 3- 3©7fc-;U$82l^jeP*«7 0 OA© 
m^lit. m&m^^-y hSfcO*?ll 6 c d/A (4 8 
cd/A-r3) tXffiSbTiSO, ^T© (3ffl©)^5t 

®gd^e.7tsit«gT?fe^A i m®i-c©^^Ki? (* 

SI^JPia^***Ufc*>©) *<±Tl/'4iSfi©B&^ 
fSfS, fi^toS. *5e^©«-&ttAl|&glCjfiu;&d^e. 
fg3t«fi©l/4k«. 3/4i^S. 5/4«SJc:a-p 

4) <D 3 mm<Dm^<o^ytx^^ hji^m 1-9 \zm-r. 
sfe**ififi»J (*iifi«»j4) «f-e#'&nfc3!i^©rt-c. 11 

iSomm^m (4 8 c d/A) *Wr-53g^©5!3tX'^ 
i'hJUS. S¥0iJl©^^^ (^?trL--y hdti®) . 51 

[0 0 6 11 ^mm 5 ( 2 .fli©^^aL- .;/ h ©^jtx'^ 
v)vi)^-M.^^\zmts.^m=i'x. t^-o%^%=L-y h©^ 
5tfis*^^7tsit«s$-??©[eKS:Sjg<k-r^>ii®j© 

0IJ) 50 



3tSc©»«$ffl.«L.T, SlJS^ys tBS[g-©yn-b7.-C 

1©V,0, (516<fcA:>-5?C7A) ^^UTaSLfc**. 

^ CT«^7t:i^-y h 3 - 1 ©*6^3t^M*^e3tSM 

«g$7?©pt^wis/P©«M^fl^*^ai-rewT. jg^ 

W»w^3t3.--i/ h 3 - 2©a-NPD*»e)i^fi£$tl^* 
-;Hi2|g©8iJ5Sr3 0 0 A. 5 0 OA. 7 0 OA© 3 

asic*Di-tTS3as©s«icfii£isLT, mu^mm^ 

#-r^)3aS©^^Srf^KLT. if#i4*tfcl5bfc. ^tl 
«^©*£M^fr^iia3t^#«. ^Jfi«^3iR-T'*-&. 
H3 0, S3 IRt/HS 2+©D, +. 0:^0 2/ htt-t 

n^^ti. c:©3as©M»S:#-r-5^g^©»a[ (cd/ 

m') -mffi (V) mSitSK (mA/cm') -« 

(V) iNfii, msg^s^ (cd/A) -mm^A (mA 
/cm') *^-ri^77-e*s. sfc, *^fi6«ij (*jg 

C»I5) ©3aS©^^©%7tX^i' h;P$r0 2 OfC^ 

f. 03 2ics^snsso. s;&-5 3as©MJi^*-r 

•5^E-n-en©m^©«SSxlj^ (cd/A) «;*c^<S3a: 
0 . «>tir:^!y h 3 - 2 ©*:-;Hi2IJSKSl*i 7 0 0 A 
©=t>©«. giS8 c d/A^@;l-5S»S5c!l^*i^e>nfc 
SSTt^- -;/ H 3 - 2 (D^^-)VWMmWkmi)^3 0 0 
A, 5 0 0A©fe©tt6. 5 c d/A. 4 c d/Agg? 
©MU*^#8.n&*^t>fc. 5E3tir:.;/ h 3 - 2©*— ;P 

Wim.mmmi}n 0 0 A(Dmi-\t-. m^m^^mx&^T. 

tfD-DPVB i ©%3t«5:S*^e.?tSS*SST*-5A 1 

Sfg^T-w^^i^ (HSiRffta^^sifeUfc'b©) 

dn/4»g©l^3<&i:;S:c>Tt»-5 (SS^k^nfc) m 

[0 0 6 2] *ig0iJ6 («l^^^^©I^Sfi!l»::S-r-5^ 
iim^m2 0 7!»S2 2 C|B«© T^CJ^SlS^fiEMj T 
»0. ii!*3H4lClB«$ns«l«ff6^B*«lfiEr 
S (a) t (b) AiS^^nx^i^^^) 
0 4 1 lr*-rffi®^jt^W-rs*^HJ©*tSELS^S: 
SSii-r^. ««P^J1 tl^C^JJB-C. (010© (a)) 
t::*LfcBf3t/x^^— >lc;n— h$tiTti-5 I TOJiJr* 
fiiifefiEMffl^Jg-TX^ 4 0 (010© (b) D S-^L 
T. 5l^rL--y h 3 - 1 ^^ML-^c. -r/jto^. o-N 
PD* 6 0 OA. Al q : C5 4 5T.= 1 0 0 : 1 ©S 
S:7 0 OA©P$CjaJCfi£)KUfc. r^©«R*£: 

[fl: 1 1 ] 




(8-*yU7^h) U^C^A^^ (£IT. 
L i q tBSfE-r-5C:i:d«$>.5) S:. 1 0 A©iP$ tCfiglK 
LT. ;^^IC??*S7£^)S<»:L.TA 1 *^«aSl A/©> 
Tl 5 A©;p$»C^«l^. r^©jssc>^^ej 
bfc. :k\z. 8(113 r-?-©«jEi£:^^gj ©±icS?^^^ 
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B4-ltUT. V, Os (5S{tA*^v"^A) ta-N 
PDOiM-^m ("EJVitm : V, Os : a-NPD=4 : 
1) fiaKSS2 A/©>T2 0 0 A©^SJCfi£MU 

1 oo (b) D ^ifvx^mLfz. '^\z. ^isi!&^mm 
^m-^y^i' 4 0 c@ 1 0 <D (b) ] sti]4®xg 

■rUt>t>. O-NPDS600A. Alq:C545T 

= 10 0: 1 mmtt) CD^i& 7 0 0 A. Li q^l 0 

fii&^mm^m-77.i7 4 1 chi o© (c) 3 s^hL 
T, A 1 iMMtrnm. 1 0 A/s>T? 1000 k<DW^ \zm 

mV. [01 CCD (d) ) lC*LfcA3'->S:=&f -5=^ 
fiSEL^^*#fc. KXSlCj;tjT5!?t®«««a0. 2 
cm. mo. 2 cm(DjE;&^tti:;S:ofc. C(J)#aEL 

A 1 i<DW»C. itsS«BE<&RlllDbT. (A 1 q : 

C 5 4 5T©^tSgS^) *^e.®©fe^5t©K<ttttSra^ 
bfc. 04 2, 04 3, 04 4&t;^S4 5 4»0#yD5/ 

htt^^n^n, (^Jfiwe) (cd/m 20 

•) -mm (V) Itft, ^^SS (mA/cm') -'Hff 
(V) #<±, (cd/A) (mA/ 

cm') i^tt. SlV-. (Im/W) -ffS (c 

Se3l5^«3i**-r Sitesm^^ (I TO/a-NPD, 6 

0 0 A/A 1q:C545T = 100:1. 700 A/ 
Liq. 1 OA/A 1 ) <&f^fi£L.04 2 7>MS4 Stl^lC 

^ ± o Ttt^ ^ nx 2 e?¥2E-r S ' © W«S E L 

^^*) 2flSifi<C*#<r*)±L'fc. (1^ 
8fi0iJ6) t> (*ig«l) 5gf<tA:^-:;>^A 

(V, Os) i::iN-;l'$IMtt^i-^T'$.-5TU-;P75 >fb 

»i6a«:*«^^lxTVV-5 (V,Or + a-NPD*) t# 
ASn. 5Kfl:/'?:J-5?':7A (V.Os) ta-NPD®g 

0® (1) ) *t7;p*u^s (±i3^lJS0iJ-ettL i) -f 

Vi'y^D-f >^A 1 q^©«^$SilH±fk^«&<i:M*«S^ 
JB^{^t©ii^ST-*oTfe±< (JifBiftia 2 0 0 0 - 

1 8 2 7 7 4#ii«#M) . MW«*JS^{^!:*■&^-t?^i 

S3$tiT*50 (#8g^:S: : J . En d o. T. Mat 
sumoto, and J. Kido, Jpn. J. A 
ppl. Phys. Vol. 41 (2002) pp. L 

800-L803) . m.^mmmR'LM^(r>^mzi^-t 
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\zm.^%±m<Dmmm\zi&-r^mt\^xmm-xi^^, 

[0 0 6 31 ##04 {n^%^m^<ovLfm. (O • c 

m) ©jffl^) 

JtSSi (Q • cm) (Djffl£^», t£jffl%i^«>ittt^®ffi 

(U>v') lcJ:oT2a35®:*aTjffl3^l^:fc. ^1083 

ffiffiSg^) TSSSS-frVV BJtloSEE (V) 

^wi^ (cm) (-^s omsroiKfii) *^e.^e.ns« 

SE (V/cm) WLmmm. (A) t«85*iiSnsS 

«®»fffia (cm') iLi)^f>n'=>n^iim^m (a/c 

m') twit C (V/cm) / (A/cm') = (Q • c 

m) ) A^e.©mLfc. ;i®ai^tticfflti^-t}->K-f 

*<T€r-5. BI33tt. H:a^iffliffl*^©^®a, 03 

4tt^©frffi0TSb-5. mwm\z\^mmm. mmmiiw\ 

ei{r01O (b) \Z7Ti^n^i^^Y—'^7.i7 AO^^m 
LT2mm4i® I TO«@l 6±JC («^»rJ:D2mm 
*i®A 1 Sg±lC) *««J*«#5!^Sffl'>+ 
^<&^LT8^jlS^i^l 8^^li®KJPtc;'i^J:^lc^« 
L. ft^(Ci^i;< 2mm4icD7;PS^'i>AmSl 7* I 

si^^f^sLfc. m2©a^fttt. it««jtstt©/hs 

i¥ffl6^^T*fflV^TiB!l^-r^. T^Sifc-S. 0 3 5&i;f0 

3 6l'^LfcJ;-5lC. a«l 9±©H— ¥®-hC^«>l© 
S2 0. ^S2 1 <h;^-&«S&0r^^f!l (L cm) ffi 

!fei2 2®^«^M*m^o»p<i (w cm) ^^-r-s 

x'J7^lgffl^«'7Xi^*:ft'LT. BfjeroKff (t c 
m) SfiEI^-rs. i(0«^#e>n«.m«E (V/cm) 
8JJn«JE (V) ^«gF4iE8t (L cm) T^LT 

stb^rn. mss^s (a/ cm') «g»i«s5 (a) ^ 
m.mtmn^m.m<o^mm (c:©«^»iwx t c 

(Q • cm) ^wmvtz. 

[00641 03 7 \zvci&.igi<r>m^m3k^^'t. 

I TO {m.mmm.mA) . v, Os (^^ag 

lCi5ttS«l^^*^) . V. Os t a-NPD®*^«fK 
(V.Oi : a-NPD = 4 : 1, 1:1, 1 : 2®3a 
m<h=^)VVc) (*^#C:feJtS«?Sf^3feS) . V, O. t 
2-TNATA©^^«K CV.Os : 2-TNATA = 

4 : 1 (^;H±) . *^Bjtc*3H-^S?^^:tP)\ a- 

NPD, c s t/N*yi':7'D'f >cD*^S)K CC s :ny 
i7yni'f>=l : 1 (^;Ht) , h«ti©tt^- 
SASD 1 , A 1 q, (^^«i|BJ) -efe^. I TO. V, 
Os <»: a - N P D ©^^^«ffi. Rl/^ V, Os t 2 - T N A 
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(MBfe) V, a-NPD. C s i:/tv^:/D-f 

lCOtiTtt«ffi*^e>®fi«^aA*:t— 5 ■yi' (ohmi 
c) ic-r-Sfc*. *^?qcD«?^^^S©fflfiSTabs. V 
. O. t a - N P D CDg^mSM«StcSr ■5g6i^ 5 0 
At»<Jg«bfc±T. 1 0 0 0 A®P^f®a-NPD 

-O- ITO 4. 6X10*'Q-cm 
-•- V,0, 7. 2X10'Q-cin 

-A- (V.Os : a-NPD=4 : 1) <D*^«K 

2. 0 X 1 0' Q • cm 

-O- (V.O. : a-NPD=l : 1) (D^mmm 

3. 6X10*Q-cm 

- + - (V.p, : a-NPD= 1 : 2) 
2. 9 X 1 0' Q • cm 

-□- (V,0, : 2-TNATA=4 : 1) 20 
m 5. 8 X 1 0' Q • cm 

-A- ITO/V.Os/Al 2. SXIO'Q 

•cm 

-T- ITO/a-NPD/Al 1. 5X10" 
Q • c m 

-■- I TO/V.Os : a-NPD (5 OA) /o- 
NPD ( 1 0 0 OA) /V, 

0» : a-NPD (5 0 A) /A 1 8. 0X10" Q 
• cm 30 
-X- Al/Alq,/Al 6X10"Q-c 
m 

-I- I TO/C s : /\*yi7yD-f >/A 1 2X1 
0' Q • cm 

Sfc, V.O, ta-NPD©«3S!lSfKOg^Jt 

^) <tJtffi^(Dgg«$:@4 0©i^^7{C^Lfc. CICDS 

7cSf&©#4 (-psom^^i&^ft^ojgfiK) i)^^m.-^n 40 
CO 0 6 5] :^^m\z-::)t^^x±%Emmmm^mm\^-::>r:> 

[0 0 6 6] 



\Z. *«4-7hUi^X«3g©«*x-<xyU'f ^rlSffl^Ji 

mil fie3i5o*t»EL*^©s!if^««i**-riaigHT 

[0 3] *^?gcD*^t3i5ttS«S^t^milt^*M4'© 

m.mi»m^^<Di^^Ln.&^mmz^n^m=i--si.n-^-- 

[06] 2 -TNATAi4 F-TCNQ©*3ffiKXr; 
[0 7] a-NPDt 7gE^kl'n-:;A©#ffiKSy^S^ 

[0 8] *fEigo#«EL5g^©fllS#lifiS*-riS^»f 

B0Tib-5. 

[0 91 »i(i«^lTf^»bfc«tttEL3!l^O«S«ig* 

[010] (a) tt^BJ|lS«S*<=i-h^tlfc;9^:^ 
S«S^-r0T&O, (b) «W«'fe^Mffl.^JB-7Xi' 

<D«fiKS:*-r0-e*»3. (c) \t.\sMmskm^m^7.ip 

®«l^*^f0T»D. (d) «3R^«)«l^*^-r0T 

[011] «ip0iJ2T^^SLfc=&fi|EL^^«ag#iii 
*55f B&5^»f ® 0T * S . 

[012] &i^mzx^m\^ttmmE-L^=F<ommmm. 

S*t"BS^Wiffi0T-* -5 . 
[0 1 3] *2ifieiJlTf^S2Ufc*SIEL^^©agflijg 
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(ai 4] *J£«»]2T-f^aLfc*SEL3g^©SlS«IS 

[H 1 6 ] mm0i 1 . 1 Rjx*is«i 4 -cf^a bfc 

[SI 7] &mm2, S^«>9 3&y:^iS09 3Tf^SLfc 
[018] ||J£^4TfPS!Lfc««8ELig^oaJi«ii 

[0 2 0] *JS««l5TfP«Lfc3aS©*^OfS3tt:^'< 

^ h;i'0-rfe-5. 

[02 1] ^ipfiiyi, SliSeiliRy:|ISS^2Tf^SLfc 

«aEL3!l^^C9ffS-«BE4#tt**-ri!^57-e*S. 

[0 2 2] S^P^Bll. SSS«silRrX|ISSC9)2-ef^aLfc 
W« E L - «£E4#ii * *-r ^ 7 -C * 

[0 2 3] »^091> *Jfi«BJlSl^*I6«»92-ef^i!Lfc 20 

*« E L 3ii^ omssss^P - «disB«4#tt «r*-r 7 7 t 

[0 2 4] *»09 2. «*«i9 3&y:3ISS«!l3-^f^Ml^fc 
5ff « E L SS^'OfS* - * mttf^ :7 tf* « . 

[0 2 5] S*0i|2, *qi^J3RtX||JSC»]3-CffaL./i 

[02 6] »*P0il2, »qit»J3B:t^SIJS0i|3 7?ff«Lfc 
E L lil^<Dm86S54* S^'^i' ^ 7 

30 

[02 7] |SJ6«^4T?fP»bfc3aS©«"«EL5g^=^© 

[02 8] ^i£0»l4TfPSUfc3agOW«SEL*^© 

[02 9] *Jfi«fiJ4T?ffi!Lfc3aS<D*«»ELig^© 

[0 3 0] *ligC«l5Tf^i3Lfc3ail©*.«SEL^^^© 

- m£E!^tt Sr^ST 7 7 T -5 , 
[03 1] |li6«B|5TffSUfc3aS<0#«SEL*^<0 
««S«*-«ff#tt^&5^-r:y7 7T'*S. 40 

(0 3 2]^]6S«»l5-t?f^aLfc3aS©#^EL^^<D 
. «0S^^ - SSit^Slttt ^£ ^R-r 7 7 T * ^) . 

[0 3 3] K-f •;/^«ig©JtiatfiffFffiffllg^®¥iS 
0T*'5>. 

[0 3 4] -y> ?/5^«jS(DJt»tfESffiffl3g^®»rS 
0T&-&. 

[0 3 5] MH«tjg<OJtaitti¥<ffiffl3iS^©¥®0T* 
[0 3 6] M@«ji©jtl&ta»ffiffl^^®»fS0T-a& 
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[03 7] ##«^TjK^Lfctt;»^fiS-^ai-r-5fc*» 

[03 8] (a) tt. «*S2 0 0 1 -2 2 5 8 4 

0. (b) tt, e:(D*aELsg^(Dg{@«ijtSr*T^ 
0Tfe-5. 

[03 9] (a) tt, *fgl«O^JS093TfPa!bfcWa 

EL^^=^©^7t«^Sr^-r^STfeO. (b) tt, 
W^E L3g^©aM«ig€:^-r^0-e&-5. 
[04 0] V, Osia-NPD©^^|g«moig^H: 

[04 1] |liSC^6ICf^S*ttlEL5!lf^©SI@«ji** 

-r»TM0-cfe*. 

[04 2] j|fifi09 6Rt^«e3lSS!«Jfi**-r4Hs»«^© 
[04 3] §IJgt^6Ry^«£*S«Sig$#-r«ltt53(l^® 

mjssBft - mm ^a^T ^ 7 t * -5 . 

[04 4] ^tfi«^6RtXS£3l5ffi«ig*WrSJt«lS^© 
[04 5] SIJSC9|6RD^*^«l3i^Wr-5ite^^© 
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5 mmmm. 
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